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The  folded-path  transmis some ter  consists  of  a 
2-m  cell  in  which  the  extinction  of  light  by  aerosol 
particles  is  measured.  The  light  beam  is  folded 
to  attain  a total  path  length  of  20-m,  and  the  cell 
is  filled  with  concentrated  ambient  aerosol  particles 
to  increase  the  effective  path  length  to  several 
hundred  meters.  A detailed  description  of  the  system 
is  given  elsewhere1. 

The  purpose  of  our  participation  in  the  1978 
Cooperative  Experiment  for  West  Coast  Oceanography 
and  Meteorology  (CEWCQM-78)  was  to  compare  the  opera- 
tion of  our  transmis some ter  located  at  site  A on 
San  Nicolas  Island  with  the  Barnes  transmissometers 
located  between  site  A and  site  B and  operated  by 
PMTC.  The  comparison  was  to  include  two  different 
portions  of  the  light  spectrum.  Laser  wavelengths 
of  632.8  nm  and  10600  nm  used  with  the  folded-path 
transmissometer  were  to  be  compared  with  the  wave- 
length interval  of  500-700  nm  and  a narrow  wavelength 
band  near  10600  nm  used  with  the  Barnes  system. 


This  report  describes  the  modifications  which 
were  made  to  the  folded-path  transmissometer  to  make 
possible  simultaneous  measurements  at  two  light  wave- 
lengths. A 10600  nm  light  source  (CO2  laser)  was 
added  to  the  632.8  nm  source  (HeNe  laser)  which  was 
used  in  all  previous  measurements . Results  of  the 
comparison  are  given  and  the  validity  of  the  measure- 
ments is  discussed. 

INSTRUMENTATION 

The  transmissometer  was  modified  as  shown  in 
Fig.  1 to  accommodate  the  C02  laser  and  associated 
optics.  The  CO2  laser  (model  941P  from  GTE  Sylvania; 
3-W,  TemQomode,  linearly  polarized)  is  mounted  on 
the  side  of  the  20-m  long  cell.  A model  485  attenuator 
is  used  with  the  laser.  The  C02  beam  is  focused 
and  aimed  with  an  adjustable  mirror  and  is  split 
into  two  portions  with  a germanium  flat  anti-reflect- 
ion coated  on  one  side.  One  portion  of  the  beam 
steps  through  the  cell  for  a total  beam  length  of 
20-m  in  the  concentrated  aerosol  and  the  other 
portion  is  used  as  the  reference.  The  HeNe  system 
functions  in  a similar  manner,  except  for  the  addition 
of  the  circular  polarizer  which  is  necessary,  since 
the  flux  of  light  scattered  by  the  aerosol  particles 

Note:  Manuscript  submitted  January  10,  1979. 
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and  measured  by  the  cosine  sensor  on  the  cell  wall 
must  be  essentially  randomly  polarized.  The  two  beams 
enter  coaxially  into  the  cell  through  a zinc  selenide 
window  which  has  good  transmittance  characteristics 
in  the  visible  and  the  infrared  portions  of  the  spectrum. 
The  reference  beams  and  the  beams  transmitted  through 
the  cell  are  all  routed  with  front  surface  mirror 
flats  (not  shown)  through  a chopper  (20Hz)  and  to 
a germanium  flat  where  the  HeNe  beam  is  reflected 
and  the  CO2  beam  is  transmitted.  The  holes  on  the 
chopper  are  so  arranged  as  to  alternately  illuminate 
the  germanium  flat  and  the  sensors  just  beyond  it. 

This  arrangement  permits  simple  electronic  circuitry 
to  determine  the  relative  extinction  of  the  beams 
by  the  aerosol  in  the  cell  by  measuring  the  intensity 
of  the  light  transmitted  through  the  cell  and  by  divid- 
ing it  by  the  reference  beam  intensity.  In  this  manner 
laser  output  drift  and  detector  sensitivity  changes 
become  unimportant  for  noise  with  a frequency  less 
than  the  chopping  rate.  The  infrared  sensor  is  a 
pyroelectric  detector,  model  kT-4080  from  Laser  Pre- 
cision Corp.  The  detector  current  sensitivity  is 
1.7  y-Amp/Watt,  transfer  characteristics  (preamp  output) 
is  108  Volts/Amp,  and  NEP  is  6X10”10  Watt. 

To  prepare  for  operation  of  the  transmissometer, 
the  HeNe  beam  is  aligned  to  properly  pass  through 
the  cell.  Since  the  two  beams  are  coaxial  at  the 
point  where  they  enter  the  cell,  it  is  reasonably 
simple  to  also  align  the  CO2  beam.  During  operation, 
the  reference  beams,  which  were  adjusted  to  be  slightly 
stronger  them  the  transmitted  beams,  are  reduced  under 
clean  cell  conditions  to  give  a null  signal  output. 

The  accuracy  of  the  extinction  measurement  for  the 
CO2  beam,  as  determined  in  the  laboratory,  is  several 
times  the  0.1%  accuracy  of  the  HeNe  measurement. 

The  manufacturers’  quoted  short-term  stability  of 
the  CO2  laser  and  the  NEP  of  the  sensor  should  have 
resulted  in  a much  better  accuracy. 

The  cell  was  located  =25  m from  site  A on  San 
Nicolas  Island.  It  was  inside  a small  wooden  building 
which  was  well  ventilated  to  avoid  cell-ambient  tem- 
perature differences.  A vent  at  the  upwind  side  of 
the  building  sampled  the  ambient  aerosol. 
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RESULTS  AND  DISCUSSION 


No  data  was  collected  with  the  CO2  system  on 
the  portable  transmissometer.  The  CO2  laser  failed 
to  operate  properly  and  could  not  be  repaired. 

Some  transmittance  measurements  were  obtained 
with  the  HeNe  system.  Measurements  with  the  portable 
transmissometer  and  the  Barnes  transmissometer  operating 
with  the  500-700  nm  filter  are  compared  in  Fig.  2. 

The  points  represent  measurements  taken  at  least  within 
one-half  hour  of  each  other. 

Figure  2 shows  that  the  portable  transmissometer 
gave  values  about  20%  larger  on  the  average  than  those 
given  with  the  Barnes  system.  That  agreement  is  sur- 
prisingly good  in  view  of  the  facts  that  the  bandwidth 
of  the  wavelength  response  differed  for  each  instrument, 
that  one  instrument  gave  a point  measurement  and  the 
other  integrated  over  several  Km,  and  that  the  portable 
system  was  under  the  influence  of  aerosol  generated 
by  waves  breaking  on  the  shoreline  several  hundred 
meters  upwind.  On  occasions  of  strong  surf  and/or 
high  wind,  the  surf-zone  aerosol  dominated  over  the 
natural  aerosol  background.  However,  on  the  other 
and  more  numerous  occasions,  the  surf-zone  aerosol 
only  influenced  the  measurements  by  a small  amount 
as  shown  by  Fig.  2.  Since  the  particles  from  the 
surf- zone  will  tend  to  be  large,  especially  under 
high  humidity  conditions,  light  with  longer  wavelengths 
may  well  be  influenced  to  a greater  degree.  It  is 
clear  that  some  uncertainty  will  be  introduced  into 
the  characterization  of  the  marine  aerosol  by  measure- 
ments influenced  by  the  surf- zone.  To  avoid  this 
uncertainty  all  point  measurements  with  transmisso- 
meters,  nephelometers , particle-size  spectrometers, 
etc.  taken  at  ground  level  just  inland  along  the 
western  shore  of  San  Nicolas  Island  should  instead 
be  taken  above  the  aerosol  layer  originating  near 
the  surf-zone.  Near  site  A this  layer  appeared  to 
be  between  50  and  100  feet  thick. 
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Fig.  2 - Comparison  of  extinction  coefficients  (b)  measured 
during  CEWCOM-78  with  the  Barnes  transmissometer  operating  in 
the  wavelength  band  of  500-700  ran  and  the  folded-path  trans- 
missomater  operating  at  632.8  nm 
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